Context: Consumption of sugar-sweetened beverages (SSBs) among children has been associated with adverse health outcomes. Numerous behavioral interventions aimed at reducing the intake of SSBs among children have been reported, yet evidence of their effectiveness is lacking. Objective: This systematic review explored the effectiveness of educational and behavioral interventions to reduce SSB intake and to influence health outcomes among children aged 4 to 16 years. Data Sources: Seven databases were searched for randomized controlled trials published prior to September 2016. Studies identified were screened for eligibility. Study Selection: Trials were included in the review if they met the PICOS (Population, Intervention, Comparison, Outcome, and Study design) criteria for inclusion of studies. Data Extraction: Data were extracted by 2 reviewers following Cochrane guidelines and using Review Manager software. Results: Of the 16 trials included, 12 were school based and 4 were community or home based. Only 3 trials provided data that could be pooled into a meta-analysis for evaluating change in SSB intake. Subgroup analyses showed a trend toward a significant reduction in SSB intake in participants in school-based interventions compared with control groups. Change in body mass index z scores was not statistically significant between groups. Conclusions: The quality of evidence from included trials was considered moderate, and the effectiveness of educational and behavioral interventions in reducing SSB intake was modest. Systematic Review Registration: PROSPERO registration number CRD42014004432.
INTRODUCTION
Sugar-sweetened beverages (SSBs), namely soft drinks, carbonated beverages, fruit juices, and sweetened milk, 1 are sources of high energy that have poor nutritional value and are considered the primary source of added sugar in children's diets. [2] [3] [4] The high consumption of SSBs is a widespread phenomenon among children and adolescents worldwide. 2 Recent figures show that 80% of youth in the United States consume SSBs on a regular basis, contributing to approximately 11% of daily energy intake. 3 Similar intakes are evident globally in both developed and developing countries. For example, SSBs contribute 14% of total energy intake among children in the United Kingdom (aged 4-18 years) 5 and 10% of total energy intake among children in Mexico (aged 6-11 years). 6 The increase in SSB intake is one of several dietary changes that have been attributed to the nutrition transition, which is characterized by rapid changes in dietary intake favoring the intake of energy-dense foods and beverages coupled with reduced physical activity. In fact, the high intake of SSBs among children and adolescents has been also associated with lower intakes of water, milk, fruits, and vegetables and a higher intake of highly processed foods and beverages. These changes in dietary behaviors are alarming because they are associated with increased risk of adverse health consequences, including lower micronutrient status and increased risk of dental caries, weight gain, diabetes, and hypertension. [7] [8] [9] [10] Compelling evidence supports the strong association and causal relationship between SSB consumption and increased risk of obesity. Results from well-powered prospective cohort studies and randomized controlled trials (RCTs) support the association between SSB consumption and weight gain in both the short term and the long term among children and adults. 4, 11, 12 Furthermore, a direct dose-response relationship has been established between SSB consumption and long-term weight gain. 4 Several plausible biological mechanisms have been proposed to explain these strong associations, such as decreased satiety and failure to reduce energy intake at meals subsequent to the consumption of liquid calories such as SSBs, which can lead to a positive energy balance and weight gain. 2 Other proposed mechanisms include increased blood glucose and insulin concentrations resulting from consumption of rapidly absorbed sugars in SSBs, leading to high dietary glycemic loads and a cascade of changes in appetite-regulating hormones and inflammatory biomarkers. These changes in turn can contribute to increased risk of type 2 diabetes and cardiovascular disease in children. 2, 13, 14 Public health interventions targeting SSB consumption and other unhealthy dietary behaviors in children have increased over the past 2 decades in an effort to help curb the rising rates of obesity. The majority of these interventions adopt educational and behavioral approaches that focus on changing the knowledge, the attitude, and, subsequently, the behavior of children toward SSBs. These interventions have been conducted through school-based didactic lessons and interactive classroom activities [15] [16] [17] or through home-and community-based strategies, including the distribution of simple educational messages to parents highlighting the importance of replacing high-calorie beverages with healthier alternatives. [18] [19] [20] Other supportive interventions include environmental changes, such as schoollevel policies to limit the availability of and the access to SSBs and other competitive foods and beverages with minimal nutritional value within the school environment, 21, 22 as well as in-school price policies, 23 governmentally mandated SSB taxes, or regulations restricting sales within retail and food service establishments. [23] [24] [25] Despite the use of diverse interventions to limit SSB consumption among children and adolescents, evidence of what constitutes successful and effective interventions is still minimal. Few reviews 26, 27 to date explored the effectiveness of interventions aimed at reducing SSB consumption among children and adolescents, with 1 recently published review examining the effects of interventions on both SSB and water intake among children, adolescents, and adults. 28 Given the serious implications of high SSB consumption for children's diet and health and the importance of identifying which educational interventions best predict behavioral change, the aims of the present systematic review are as follows: (1) to explore the impact of educational and behavioral interventions to reduce the intake of SSBs among children and adolescents across different settings (school and nonschool settings); and (2) to assess the effect of these interventions on change in body weight and other health outcomes, taking into consideration which behavioral change techniques were included in these interventions. Table 1 29 describes the PICOS (Participants, Interventions, Comparisons, Outcomes, and Study design) criteria used to define the research question for this review. In addition, the systematic review and metaanalysis were performed in accordance with the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines (see Appendix S1 in the Supporting Information online). Given that RCTs are considered the gold standard for establishing causal conclusions and providing reliable evidence because they minimize the risk of confounding factors influencing the results, 30 this systematic review included only RCTs.
METHODS

Inclusion criteria
Search strategy
A comprehensive literature search was conducted for trials assessing the impact of behavioral and educational interventions on health behaviors and outcomes of children and adolescents. Figure 1 outlines the screening process and shows the number of studies excluded at each stage. A total of 16 trials were included in the systematic review (Table 2 15,17-20,31-45 ), whereas 58 studies were excluded from the analysis for reasons summarized in Appendix S3 in the Supporting Information online.
Data collection and analysis
Two authors (A.A.R. and L.J.) independently screened the titles and abstracts of the identified articles. Articles judged as potentially eligible by at least 1 author were retrieved for full-text review. Authors A.A.R. and L.J. independently screened the full text of the retrieved articles for eligibility, using a standardized form with explicit inclusion and exclusion criteria derived from Cochrane guidelines. 46 They resolved disagreements through discussion or by consulting a third author (P.A.). Afterward, they independently extracted data from each included study, resolving disagreements through discussion. The Cochrane guidelines and format for data extraction were used when entering data, and Review Manager software (version 5.3.5) was used for data management. The collected data were related to 5 aspects of the review: (1) methods (study design, unit of randomization, and analysis); (2) participants (population characteristics and number of participants randomized and evaluated per arm); (3) intervention (educational and behavioral components, duration of intervention and follow-up, and description of control group); (4) outcomes (primary and secondary outcomes defined for this review); and (5) other notes such as statistical methods used, sources of funding, and registration identifier for interventions and the RCTs, if available. In addition, the authors attempted to contact trial authors if reported data were incomplete. Agreement between A.A.R. and L.J. regarding study inclusion during the title and abstract screening and the full-text screening was assessed using the Kappa statistic. 47 Kappa values were interpreted as following: 0 to 0.20 represented slight agreement; 0.21 to 0.40 fair agreement; 0.41 to 0.60 moderate agreement; 0.61 to 0.80 substantial agreement; and greater than 0.80 almost complete agreement. Agreement between authors on study eligibility was found to be substantial (j ¼ 0.72).
Risk of bias. The risk of bias was assessed at the study level using the Cochrane risk-of-bias tool. Two authors (A.A.R. and L.J.) independently assessed the methodological quality of each of the included studies. They resolved disagreements by discussion, and persistent Control groups with no intervention Outcomes Primary outcome of interest was the reduction in SSB consumption after delivery of the intervention. Outcome was measured as a decrease in the intake of soft drinks, sweetened juices, or any sweetened drink defined in the included study and was quantified using the difference in consumption of these beverages pre-and postintervention and after follow-up. Secondary outcomes included any of the following clinical or health outcomes affecting a child's health status: reduction in obesity prevalence (status); changes in body composition measures (eg, body mass index [BMI] z scores based on age-and gender-specific growth charts); reduction in dental caries measured by the difference in decayed, missing, and filled teeth; reduction in cardiovascular disease risk factors; reduction in risk of any chronic disease, including type II diabetes mellitus, hypertension, dyslipidemia, and orthopedic ailments Study design Any setting, including school-based and out-of-school (home or community) settings, conducted in a developed or developing country discrepancies were resolved by discussion with a third author (P.A.). Risk of bias was assessed according to the following criteria: random sequence generation (selection bias); allocation concealment (selection bias); blinding of participants and personnel (performance bias); blinding of outcome assessment (detection bias); incomplete outcome data (attrition bias); and selective reporting and whether the study was free of selective outcome reporting (reporting bias). Details about riskof-bias assessment for all included studies are presented in Appendix S4 in the Supporting Information online.
Subgroup analysis and investigation of heterogeneity. Heterogeneity between trials was assessed by visually inspecting the forest plots and by estimating the percentage of heterogeneity between trials that was not due to chance. To measure the latter, the I 2 statistic, as described in the Cochrane handbook, 46 was used. Sources of heterogeneity were explored if the I 2 statistic exceeded 25%. Subgroup analyses were conducted to explore the reason for heterogeneity and the influence of the latter on the effect estimate. For subgroup analyses, studies included in the meta-analysis were stratified into subgroups according to the setting of the intervention (school-based settings and outside-of-school settings such as home-and community-based behavioral interventions).
Assessment of reporting and publication bias. Selective reporting was assessed by trying to identify withinstudy reporting bias. If the study protocol or trial registered in a certain trial registry was available, the lists of outcomes from those sources were compared with the outcomes reported in the published paper. If not, then outcomes listed in the Methods section of the published paper were compared with the outcome listed in the Results section. Publication bias was further assessed by creating an inverted funnel plot in the Review Manager file for the primary outcome relative to the intake of SSBs. Records screened (n=6863)
Records excluded (n=6790)
Full-text arƟcles assessed for eligibility (n=74)
Full-text arƟcles excluded, with reasons (n=58)
Studies included in narraƟve synthesis (n=18 studies)
Studies included in quanƟtaƟve synthesis
(meta-analysis) (n=3 studies) Figure 1 Flow diagram of the literature search process. Data synthesis. For the meta-analysis of continuous outcomes, the mean differences (MDs) in the consumption of SSBs of all trials were pooled using a random-effects model. Following recommendations in the Cochrane handbook, 46 the unit of outcome data was converted to a standardized scale before pooling measures. For the change in SSB intake, the unit of measurement used was milliliters per day (mL/d). A nutrient analysis software was used for converting equations and units in this review; for example, 1 g of sugar-sweetened fluid is equivalent to 1 mL, and 1 glass of sugar-sweetened fluid is equivalent to 240 mL (NutritionistPro software, version 7.1.0, First Data Bank, Axxya Systems, San Bruno, CA). Instead of crude body mass index (BMI) measurements, BMI z scores were used to assess change in BMI. Body mass index z scores, which are equivalent to BMIfor-age percentiles, are measures of relative weight adjusted for child's age and gender that are calculated using appropriate reference growth charts 48 such as the Centers for Disease Control and Prevention growth charts, 49 the World Health Organization growth charts, 50 or other country-specific references. When units could not be converted, the trials reporting those units were not included in the meta-analysis. Figure 1 shows the detailed steps of the literature search and screening process. A total of 16 trials were included in the systematic review, of which only 3 were included in the meta-analysis of the primary study outcome. Of the 16 trials included, 12 were school based, 8 of which included educational approaches alone (not combined with environmental interventions), whereby the reduction in SSB consumption of children and adolescents was one of the main targeted behaviors. 15, 17, 31, [34] [35] [36] 40, 43 The remaining 4 school-based trials included a combination of educational and environmental components. 18, 19, 32, 33, 39, 42 As for the 4 non-school-based trials, 1 included an educational intervention only, 44, 45 whereas 3 others included both educational and environmental interventions. 20, 37, 41 Details about all included trials, including characteristics of study participants, type of intervention (school or community based), duration of intervention, and length of follow-up, are shown in Table 2 .
RESULTS
Effects of interventions were explored on the basis of primary and secondary outcomes of the review.
Reduction in SSB intake (primary outcome)
Of the16 included trials evaluating change in SSB intake, only 3 provided statistical data that could be pooled into a meta-analysis. Two of these were conducted in a school-based setting 15, 39 and 1 in a home-based setting. 20 The first school intervention, conducted by Muckelbauer et al., 39 included educational and environmental components, whereby four 45-minute classroom lessons highlighting the water needs of the body and the water circuit in nature, among other nutrition messages, were provided to students by trained teachers. In addition, the intervention component included installing water fountains in intervention schools and providing students with plastic water bottles to be refilled during the school day. The intervention group in the school trial conducted by Sichieri et al. 15 received only an educational program, which consisted of ten 1-hour sessions supported by classroom activities, banners, and the distribution of plastic water bottles to all students. In the home-based study conducted by Albala et al., 20 milk was distributed to children at home, and parents were provided with educational instructions supporting the consumption of the delivered beverages and the removal of SSBs from the home environment.
The meta-analysis of these 3 trials (n ¼ 3004 participants) showed that behavioral and educational interventions are associated with a trend toward reduction in SSB intake compared with no intervention; however, this trend did not reach statistical significance [MD, À283.54; 95%CI, À642.65 to 75.57; P ¼ 0.12) (Figure 2 ). The I 2 value indicated that the percentage of the variability in effect estimates, which is due to heterogeneity rather than to sampling error (chance), was very high (I 2 ¼ 99%). Thus, the outside-the-school study conducted by Albala et al. 20 was removed from the meta-analysis. Sensitivity analysis excluding this study reduced heterogeneity (I 2 ¼6%) while increasing the overall strength of the results to borderline significance (MD, À26.53; 95%CI, À53.72 to 0.66; P ¼ 0.06).
Reduction in prevalence of overweight and obesity and reduction in BMI (secondary outcomes)
Two trials assessed the change in overweight and obesity status and reported change in terms of prevalence. 15, 17, 36 The Christchurch Obesity Prevention Programme in Schools (CHOPPS) trial conducted by James et al. 36 was focused primarily on discouraging the consumption of soft drinks among children in southwest England and replacing this behavior with a healthier one. The authors found a significant difference in the prevalence of overweight children between the control and intervention groups at 12 months after the study initiation, but that difference was smaller and nonsignificant after 3 years. 36 In the school trial by Sichieri et al., 15 the significant decrease in the intake of carbonated beverages was not coupled with a significant decrease in obesity prevalence. On the contrary, prevalence of obesity increased in both arms within that study, although the difference did not reach statistical significance.
In addition to overall prevalence of overweight and obesity, change in BMI was reported in 11 trials that were included in this review. However, only 3 trials reported this change in terms of age-and genderadjusted BMI z scores, which could be pooled into 1 analysis. 17, 20, 36, 39 The 2 school-based trials included in the meta-analysis, ie, the educational CHOPPS intervention by James et al. 17, 36 in the United Kingdom and the combined educational and environmental intervention by Muckelbauer et al. 39 in Germany, focused on increasing water consumption and reducing the consumption of carbonated beverages and sweetened drinks. Similarly, the out-of-school intervention conducted by Albala et al. 20 in Chile focused on reducing SSB consumption by providing milk as a healthy replacement within the home setting, along with supportive educational messages. The meta-analysis of the 3 trials, which included 3474 participants, found that behavioral and educational interventions, compared with no intervention, had no significant effect on the reduction in adjusted BMI z scores (MD, À0.01; 95%CI, À0.05 to 0.03; P ¼ 0.71) (Figure 3 ). The percentage of the variability in effect estimates that could be attributed to statistical heterogeneity rather than to sampling error (chance) was moderate to high (I 2 ¼ 60%). In addition, the test for subgroup effect was not statistically significant for the subgroup analysis (in-school interventions vs out-of-school intervention), with a P value of 0.27. None of the other health-related secondary outcomes, as defined for the present review, were assessed by the trials included in this review.
Quality of the evidence
Overall, the quality of the evidence from the 16 trials included in this review, as assessed separately by 2 reviewers, was considered moderate, given that the majority of the studies scored "low risk" in the domains related to selection bias (random sequence generation), attrition bias, reporting bias, and other bias. In addition, slightly less than half of the studies scored low in the domain related to performance bias, which includes blinding of participants and personnel. The majority of the studies scored "unclear risk" in the domain of allocation concealment. However, more than a quarter of the included studies scored "high risk" in the domain related to detection bias (blinding of outcome assessment), with the remaining studies scoring between low and unclear risk. Figure 4 shows a summary of the riskof-bias assessment across all included studies. A more detailed justification supporting the judgments on each of the risks of bias is provided in the risk-of-bias figure shown in Appendix S4 in the Supporting Information online.
DISCUSSION
This systematic review aimed to assess the effectiveness of educational and behavioral interventions in reducing SSB intake among children and adolescents aged 4 to 16 years and to determine the impact of such interventions on change in body weight and other related health outcomes. Overall, educational and behavioral interventions included in this review, when compared with no intervention, were found to be successful in reducing SSB intake as the primary outcome among children and adolescents. Meta-analyses of a subset of included studies validated results from individual trials showing that the trend toward reduction in SSB consumption approached statistical significance in those studies conducted within school-based settings (P ¼ 0.06). However, there was insufficient evidence to support a positive effect of these interventions on secondary outcomes such as a reduction in the prevalence of overweight and obesity among children and adolescents as well as other physical measures such as change in BMI z scores adjusted for age and gender.
The present review goes beyond pooling results from various trials into 1 meta-analysis, as it examines the characteristics of interventions and the different approaches used to change the behavior of children and adolescents toward SSB consumption. School-based trials were examined separately from home-or community based trials, and the different intervention strategies and techniques used to implement an educational vs a combination of educational and environmental interventions were elaborated in light of the existing literature.
Effect of school-based educational and environmental interventions on reduction of SSB intake
Twelve school-based trials were included in this review. Results from the meta-analysis of 2 school-based trials 15, 39 showed a trend toward reduction in SSB intake among young children in the intervention groups compared with the control groups, and this trend approached statistical significance. This finding was in line with results reported in 6 of the remaining 10 school-based trials. 17, 19, 31, 34, 35, 43 There are several reasons for the positive impact of school-based interventions in reducing SSB consumption. First, schools are well positioned to conduct educational and behavioral interventions, since children spend prolonged periods of their day within this setting. At school, children can receive developmentally and culturally appropriate didactic lessons and be involved in interactive activities that promote healthy dietary and lifestyle behaviors. 17, 51 In addition, schools provide children with practical opportunities to translate learned concepts from the classroom setting to daily behavioral choices reflected in the foods selected from the cafeteria, vending machines, fundraising activities, and other school-based events. In fact, the school environment can dictate what foods and beverages are offered or sold within the school and how these choices can negate or reinforce nutritional messages delivered through the curriculum and other supportive educational strategies. Furthermore, children have the opportunity to learn from their teachers, who can serve as role models, 51, 52 and from their peers, through observation of peer behaviors and direct personal interaction. In fact, peer influence is considered one of the main factors that can contribute to the change in dietary and lifestyle behaviors of adolescents and has been suggested as an integral component in prevention and intervention efforts aimed at promoting and maintaining healthy behaviors. 53 Another possible reason for the success of schoolbased interventions is the use of behavioral change theories in the design and implementation phases. The Social Cognitive Theory and the Theory of Planned Behavior were the most commonly used behavioral change theories in the included trials. 18, 34, 35, [38] [39] [40] 43 These theory-based educational interventions included a number of constructs that can be summarized as follows: increasing the confidence of children and young people (self-efficacy); developing the knowledge and skills needed to change targeted behaviors (behavioral capacity); and role modeling of healthy behaviors (observational learning). However, only 1 trial, namely the Dutch Obesity Intervention in Teenagers, conducted among 12-to 14-year-old schoolchildren in Amsterdam, 43, 54 assessed the impact of the planned interventions relative to the mediators of change when addressing targeted behaviors, including SSB consumption.
The benefits of using theoretical frameworks and constructs in the design of educational and behavioral interventions targeting dietary and lifestyle behaviors have been well established in the scientific literature. These benefits include the ability of program planners to specify methods for changing behaviors, identify the timing and duration needed for interventions to be effective, and explore the combination of strategies that can best lead to the anticipated outcomes. 55 In addition, theories can assist researchers and program evaluators in identifying what components of interventions succeed in changing mediating variables, which in return can change the intended behaviors. 56 Thus, robust instruments need to be developed and used to measure which components or constructs of theories can best explain the reasons behind the success of interventions. 55 Other factors that may explain the effectiveness of school-based interventions in reducing SSB intake include parental involvement. A commonly used strategy for involving parents in 7 of the school-based trials 15, 18, 19, 31, 34, 38, 42 in this review was the dissemination of educational materials in the form of booklets, tip cards, and fact sheets that promote healthy eating, including the reduction of SSB consumption and replacing SSBs with healthier alternatives such as water and unsweetened milk. These materials are intended as reminders for parents to reinforce at home those messages that children receive at school. In fact, research has shown that involving families and parents in school-based interventions targeting the dietary behaviors of children can be effective, particularly among preschoolers and young children. [54] [55] [56] [57] Parents can play an important role in guiding the dietary intake and physical activity of their children by providing adequate and healthy foods at home, encouraging children to consume adequate amounts and types of foods, modeling healthy behavior, and encouraging children to be physically active while at home or at school.
Four school-based trials in this review utilized environmental strategies in addition to educational components within the classroom to change the availability and accessibility of soft drinks and to promote water as a healthier alternative. 18, 39, 42 It is worth noting that these environmental strategies are in line with the school policies and programs that have gained momentum over the past decade in an attempt to prevent, if not reverse, the problem of childhood obesity through limiting the consumption of low-nutrient, energy-dense beverages, including SSBs. [58] [59] [60] [61] Despite these policies, researchers disagree about whether limiting the availability of sodas is sufficient to reduce soda consumption if other nonsoda energy-dense SSBs are still available within schools and if specific nutritional guidelines for all competitive foods and venues are not implemented as part of school policies. 62 This is addressed in the trial of Sichieri et al., 15 included in the current review, which shows that the reduction in SSB intake within a schoolbased intervention was accompanied by an increase in the intake of powdered fruit-flavored juice drinks, which have a higher sugar content than the regular sodas. Thus, evidence suggests that efforts aimed at decreasing energy intake through liquids should focus on all SSBs, and not just sodas. Furthermore, these studies highlight the need for more than policy-and environmental-level changes to achieve the desired behavioral change among children and young people. Environmental interventions alone, without educational interventions at the school level, may not be sufficient to change the attitude and preference of children toward the various types of SSBs and might be inadequate to achieve the buy-in of students, who are the main target group of such programs.
Effect of out-of-school educational and environmental interventions on reduction of SSB intake
In this review, 4 trials were conducted in out-of-school settings: 2 were home/family based, 20,44 1 was community based, 41 and 1 included a mix of community-and family-based interventions. 37 One trial used an educational approach only, 37 while the remaining 3 trials included a combination of educational and environmental components. 20, 41, 44 It was not possible to pool the results of the 4 community-/home-based interventions into 1 meta-analysis because the effects of the interventions were reported differently. Nevertheless, 2 of these trials showed independently a significant reduction in SSB intake favoring the intervention, 20, 37 whereas the other 2 showed no significant effect. 41, 45 The first trial that showed a positive effect included the delivery of milk to homes, combined with minimal supportive educational material, 20 whereas the second, more elaborate trial was based on the Social Cognitive Theory and included 34 educational sessions conducted over 2 years at local community centers. 37 As noted earlier, the use of theories of behavioral change, particularly the Social Cognitive Theory, has been shown to be effective in changing the dietary behavior of schoolaged children. However, the study by Klesges et al. 37 and the 2 other trials conducted in out-of-school settings, 41 ,44 all of which used theoretical models, did not explore the impact of these interventions on the mediators of change. Thus, it is still not possible to evaluate what constructs best predict a change in behavior, as is the case with educational school-based interventions.
Effect of SSB reduction on BMI and the prevalence of obesity
This meta-analysis did not support a positive effect of behavioral interventions targeting SSB intake on a reduction in the prevalence of overweight and obesity. These results are not surprising, given that the only 2 trials identified to measure the change in prevalence of overweight and obesity among children in this review, those by Sichieri et al. 15 and James et al., 17 focused on a single message that included reducing soda consumption, which may have been insufficient to limit excessive weight gain. Obesity is a complex and multifactorial problem, 63 and thus other dietary and lifestyle behaviors besides the consumption of SSBs may have contributed to excessive weight gain in children. [64] [65] [66] Another explanation is that compensatory behaviors may be adopted by children when sodas are replaced by other sugar-loaded, energy-dense beverages, including sports drinks and flavored juices. The consumption of sugarrich beverages and low-nutrient, energy-dense foods as a replacement for soda consumption may offset the reduced caloric intake, which in turn can lead to excessive weight gain. 15 Furthermore, of the 11 trials in this review that reported changes in BMI, only 3 provided statistical data that could be included in the meta-analysis, which showed no statistical difference between intervention and control groups with regard to reduction in age-and gender-specific BMI scores. 20, 36, 39 In addition, no specific pattern or significant difference in the effect of interventions on changes in BMI was observed when subgroup analysis was conducted to compare schoolbased interventions with out-of-school interventions. According to the published literature, school-based interventions have considerable impact on the health behaviors of children and adolescents, yet results regarding the effect of these interventions on children's body weight, BMI, and other anthropometric measurements are inconsistent. 57, 58 This may be attributable to variations in study design, sample size, and duration of the interventions. Other limiting factors may include high dropout rates, lack of follow-up, and potential selection bias, whereby generally only motivated families permit their children to be enrolled and followed up in these studies. 57 
STRENGTHS AND LIMITATIONS
This review has a number of strengths. It includes a rigorous methodology whereby explicit eligibility criteria, an exhaustive literature search, and systematic approaches to study selection, data abstraction, and data synthesis were used. In addition, this review included studies with single and multicomponent interventions conducted in various settings (school, home, and community based) and in different countries. Furthermore, the various characteristics of the studies and the behavioral change techniques adopted in these interventions were explored.
On the other hand, findings from this review need to be considered in light of several limitations. The overall completeness of the data from trials was a major challenge: 13 of the 16 eligible trials could not be included in the meta-analysis because of the variability in scales used to report the outcomes of interest. These 13 studies would have contributed 17,555 additional participants within the meta-analysis (as compared with the 3004 participants actually included). In fact, this is a common challenge in the meta-analysis of continuous outcomes, as different scales and units of measure are often used, making it difficult to meta-analyze and interpret outcomes from different interventions. 67, 68 It is also worth noting that there has been no clear consensus about the minimum number of studies that can be used in a meta-analysis. 69 Nevertheless, according to a study by Valentine et al., 70 at least 2 studies are needed to conduct a meta-analysis, given that other synthesis techniques may be less transparent and are less likely to provide valid results. Despite this limitation, most of the trials included in the present review showed effects similar to the findings reported from the meta-analysis conducted of fewer studies within the same review.
As with other reviews, this systematic review may have been subject to potential biases that could not be accounted for, such as clinical heterogeneity. Such heterogeneity may be attributed to variability in the setting, baseline characteristics of participants, or intervention strategies of different trials. Nevertheless, the heterogeneity of trials was taken into consideration, as a random-effects meta-analysis was chosen over fixedeffects meta-analysis. The former is preferable because it allows for differences in treatment effects between studies. 71 In addition, as in other meta-analyses, publication bias is a potential concern. However, inspection of the funnel plot in this systematic review produced limited evidence of publication bias. Another limitation of this review is the exclusion of non-English studies.
CONCLUSION
Findings from this systematic review indicate that behavioral interventions conducted in schools are possibly superior to no intervention in reducing SSB intake, although the evidence is still relatively modest. In view of the importance of devising sound public health interventions and policies that aim to reduce SSB consumption and associated adverse health outcomes, the following guidelines are suggested for researchers and reviewers: (1) develop and include well-designed prospective cohort studies in addition to RCTs to increase the pool of studies that might report on continuous outcomes; (2) explore which theories and mediators of change can increase the effectiveness of interventions aimed at reducing SSB consumption and associated adverse health outcomes, including obesity; (3) determine whether single-strategy interventions (educational strategies alone) are more effective than combined-strategy interventions (with educational and environmental components) in reducing SSB consumption; (4) examine whether interventions that target multiple behaviors (eg, reduced SSB intake and increased water, fruit, and vegetable consumption) are more advantageous than single-component interventions in addressing the specific behavior of interest; and (5) utilize standardized evaluation schemes to assist researchers in improving their study protocols and minimizing risks of bias while supporting the task of reviewers and public health professionals in synthesizing the evidence to develop sound, scientifically valid recommendations.
